To identify and describe all cases of invasive group A streptococcal (GAS) infection occurring in British Columbia during a two-year period. DESIGN: Active, laboratory-based surveillance with supplemental case description. SETTING: Forty community and regional hospitals and the provincial laboratory participated, encompassing all health regions. POPULATION STUDIED: Entire provincial population from April 1, 1996 to March 31, 1998. MAIN RESULTS: Over the 24-month surveillance period, 182 eligible cases were identified, yielding a mean annual incidence rate of 2.3/100,000. Patients ranged in age from two to 91 years, with a mean of 39.1 years. Soft tissue infections accounted for 89 of 130 cases (68.5%) with a defined clinical syndrome, 20 of which were necrotizing fasciitis. Injection drug use was described in 55 patients, who, as a group, were younger, more likely to have soft tissue infections and less likely to die of infection than nondrug users. Other risk factors for infection included HIV infection (19 patients); skin damage (26 patients, damage independent of injection drug use); chronic illness (27 patients); and immunosuppresion (three patients). Death from GAS infection occurred in 15 of 131 (11.5%) cases with known outcome, yielding an annual case fatality rate of 1.9/million population. Among necrotizing faciitis cases, the mortality rate was 30%. CONCLUSIONS: Invasive GAS infections are rare in British Columbia and tend to involve persons with chronic illness or prior skin trauma, especially injection drug abuse, which accounted for nearly half of the cases.
S
treptococcal toxic shock syndrome (STSS), necrotizing fasciitis (NF) and other invasive disease due to group A streptococci (GAS) have been subjects of considerable attention in recent medical literature and lay press (1-7). Concerns over apparent increases in the incidence rate and severity of GAS infections have prompted population-based surveys (1) (2) (3) and changes in regulations to make invasive infections reportable in some jurisdictions. The purpose of this study was to obtain accurate, prospective data on invasive GAS infections in British Columbia in anticipation of new reporting requirements.
DATA AND METHODS
From April 1, 1996 to March 31, 1998, the authors attempted to identify and describe all hospital admissions for invasive GAS infection in persons living in British Columbia. Invasive disease was defined by the isolation of Streptococcus pyogenes from a normally sterile body site, not including cervical lymph nodes. Streptococcal NF was further defined by histopathology or the presence of frank necrosis (gangrene) at surgery or on physical examination. STSS was defined by the isolation of GAS from a normally sterile body site, and the presence of hypotension and at least two of the following: generalized erythematous rash, coagulopathy, liver injury, adult-type respiratory distress syndrome, renal impairment or soft tissue necrotic disease, including necrotizing fasciitis, myositis or gangrene (1) .
Case finding was based on active surveillance of hospital microbiology laboratories. A laboratory network was established involving 40 hospitals that provide virtually all of the provincial microbiology services, including all larger community hospitals, regional hospitals and the provincial laboratory. Regional hospitals provide laboratory services to the smaller community hospitals, which were not included in the network. Laboratories were contacted by fax every second month requesting information on any new cases since the previous contact or confirmation that none had been encountered. Laboratory responses were tracked to ensure compliance with the bimonthly requests. When a new case was identified, the laboratories provided personal identifiers, age, sex, and date and source of positive culture. Clinical details were obtained by survey staff from attending physicians and hospitals. Isolates were identified by hospital laboratories using routine criteria.
Following completion of the survey, a reporting audit was performed at 48 hospitals. These included the 40 participating hospitals plus eight other small hospitals that were excluded because they did not perform microbiological tests at the start of surveillance in 1996. Each laboratory was sent a list of cases that it had reported during the survey with a request to review this against source lists and confirm the completeness of reporting or add any missed cases.
A standardized report form was used to abstract case information. Case reports were entered into a database (Access Version 7.0, Microsoft Corporation, USA) and analyzed using SAS Version 6.0 (SAS Institute, USA). Population data for calculating incidence rates were obtained from British Columbia Regional Populations Projections (PEOPLE).
Ethics approval was obtained from the University of British Columbia Clinical Research Ethics Board.
RESULTS
During the 24-month surveillance period, 182 invasive GAS cases, consistent with the case definition, were identified. Laboratory-derived information (patient age and sex, date and source of positive cultures) was available for all cases, while clinical details were available for 130 cases (71.0%). The mean age of affected individuals was 39.1 years, ranging from two to 91 years. 53.3% of patients were male. The 52 patients for whom clinical details could not be obtained were similar to the other 130 patients in terms of age (mean 39.4 years), sex ratio (males 40.5%), frequency of positive blood cultures (75.0% versus 82.6%, respectively) and geographic distribution. Hospitals in greater Vancouver reported 80% of the cases, although cases were reported from 19 of 20 health regions in the province.
The observed mean annual incidence rate of invasive GAS infection was 2.3 cases/100,000, based on a total population of 3.94 million during this time. The peak incidence rate was 3.7/100,000/year among persons aged 30 to 39 years old (Table 1) , who accounted for over one-quarter of the case total.
Among 130 patients described in detail, a defined site of infection was present in 90%, while 10% had bacteremia with no localized infection site. Soft tissue was the most common primary site of infection, involving 94 patients (72.3%) ( Table 2 ). Hypotension was reported in 18 cases (13.8%) with 10 deaths (55.6%). Twelve of those patients met the definition of toxic shock syndrome, and nine patients died (75.0%). Four additional patients might have had hypotension and/or STSS but died before or shortly after admission to hospital, limiting available documentation. The overall mortality rate among cases with a defined outcome was 9.4% (Table 2) or 1.9/million population/year ( Table 3 ). The mortality rate was highest among persons 50 to 59 years old at 4.8/million/year.
NF was confirmed in 20 of 130 cases (15.4%); clinical details were available for an additional two patients possibly having NF. Although case information was incomplete, one patient had cellulitis and possible fasciitis requiring debridement, and another had extensive cellulitis, hypotension and possible fasciitis but died before surgical confirmation. Among the remaining 52 cases, available information was sufficient to exclude the diagnosis of NF in each instance, yielding an overall rate of 12.1%. The NF incidence rate was 2.8/million population/year. The mean age of NF patients was 35.9 years. There was weak evidence for a relationship between age and the occurrence of NF (P=0.076). The highest proportion of NF cases was seen among infected persons aged 50 to 59 years, 35.7% of whom had NF (Table 4 ). The largest number of cases (n=6) was seen among persons 30 to 39 years old, but this represented only 12% of cases in this age group. No clustering of cases or seasonal pattern was evident. The mortality rate was 30% (Table 2 ). Injection drug use was noted as a risk factor in 15% of NF cases. Two of the three cases in children younger than 10 years of age were associated with chickenpox. All of the cases except one occurring in patients 50 years of age and older involved persons with chronic underlying conditions. Risk factors for invasive GAS infection could be assessed in 123 cases. The most common risk factor was injection or intravenous drug use, which was noted in 55 cases (44.7%) ( Table 5 ). Insufficient information to determine drug use was available in seven other cases. Other risk factors or precipitating events leading to infection included HIV infection (15.4%), although all HIV patients were also injection drug users. Trauma or prior surgery at the site of infection was evident in 22.1% of patients who were not injection drug users. Other risk factors included chronic illness (20.3%) and alcoholism (4.9%). No precipitating event or risk factor was noted in 21.1% of cases.
The mean age of injection drug users was 32.6 years (range 19 to 45 years). Over half (52.7%) of the identified drug users were in the 30 to 39 years age group (Table 6 ). The proportion of patients using injection drugs was highest in this age group at 74.4%, followed closely by the 20 to 29 years age group at 68.2%, for patients with a defined drug use history.
The number of injection drug users in British Columbia's lower mainland was estimated by Schechter and O'Shaughnessy (8) to be 8700 (1217/100,000 population). Within this region, the authors identified 90 cases during the survey, of whom 39 cases (43.3%) had injection drug use identified as a risk factor. The estimated incidence rate of invasive GAS infection in injection drug users in this region was 224/100,000/year compared with 3.6/100,000/year for the rest of the regional population (P<0.001).
DISCUSSION
This report presents the first detailed account of invasive GAS disease in British Columbia. We believe that our catchment of culture-confirmed cases was complete because our network included all hospital-based microbiology laboratories, and all laboratories cooperated with information requests, including an end-of-survey audit. Because both local and regional referral hospitals were included in the surveillance, there was some duplication of case reporting, but these were easily reconciled. Case finding was not compared with hospital separation data. The main challenge was to obtain clinical details from attending physicians or hospitals to classify cases by syndrome and assess predisposing factors, because reporting of invasive GAS infections to public health authorities was not mandatory at the time. Details were ultimately obtained for 71.4% of cases, although limited information was available for all cases. Cases lacking clinical details did not differ from the others in mean age, source of positive cultures or geographic distribution. In this and other studies of invasive GAS, no attempt was made to include cellulitis cases for which the causative organism was inadequately investigated or not detected, but some of which could have been caused by GAS.
The mean annual incidence rate of invasive GAS infection in this survey (2.3 cases/100,000) was comparable with the rate of 1.5 cases/100,000 reported for Ontario (1) in 1992 to 1993 but lower than the rate of 5.2 cases/100,000 reported for Atlanta (2) in 1994 to 1995. All three reports were based on active, laboratory-based surveillance of defined populations. The mean age of patients was similar in British Columbia and Ontario at 39.1 and 41 years, respectively. In Ontario and Atlanta, the incidence rate of GAS cases was highest among children younger than 10 years and in adults older than 59 years; however, in British Columbia, persons aged 30 to 39 years old had the highest rate. This difference likely reflects the high proportion of injection drug users among cases in British Columbia, who accounted for over one-half of the cases with an available drug use history (Table 6 ) and whose mean age was 32.6 years. In addition to the repeated skin trauma associated with injection drug use, such individuals were often suffering from HIV infection and/or other debilitating conditions. Schechter and O'Shaughnessy (8) described the difficult task of estimating injection drug use in British Columbia's lower mainland. Using their best estimate of the number of injection drug users, we calculated that the incidence rate of invasive GAS infection in injection drug users in this region was 62-fold higher than among the rest of the regional population. Data are lacking for other health regions of the province. Other studies also indicate that soft tissue infections are a common problem among injection drug users and often result from GAS (9-11). Soft tissue infection was notably more common in this series than in Ontario (72.3% versus 48% of cases, respectively), but among our cases not associated with injection drug use, the proportion of cases involving soft tissue infection was lower, at 37.0%.
*Trauma in addition to that involved in using injection drugs
The proportion of cases involving (NF) was somewhat higher in British Columbia than in Ontario, at 10.9% and 6%, respectively (P=0.055, χ 2 test). The mean age of NF cases in British Columbia was 35.9 years, compared with 68 years in Ontario. Injection drug use was a possible factor in only 15% of NF cases in British Columbia, a smaller proportion than expected, given that almost half of the total cases detected by the study involved injection drug use. Among children, varicella is a frequent risk factor for NF (12) . Routine varicella vaccination of children would prevent one paediatric case of NF annually in the province, based on the survey results. Almost all patients older than age 50 years with GAS infection also had chronic medical conditions, similar to the situation in Ontario. STSS was present in 9.2% of cases in British Columbia and 13% of cases in Ontario. In both series, the mortality rate was much higher in persons with than without toxic shock. In British Columbia, the case fatality rate was 9.4% overall and 75.0% in persons with STSS, while the corresponding figures in Ontario were 15% and 81%.
The surveys in British Columbia and Ontario differed in the proportion of cases having HIV infection -14.6% and 4%, respectively -but this could be due, in part, to the surveys being conducted four years apart, during a time when HIV cases were on the rise. HIV infection was not an independent risk factor in the current series, because all patients were also injection drug users. Cardiorespiratory disease was reported more often as a risk factor among cases in Ontario (25% versus 13.0% in British Columbia) in keeping with the peak incidence rate in persons 60 years of age or older. Diabetes and alcoholism were seen among cases with similar frequency in both provinces.
In summary, the results of two years of active populationbased surveillance suggest that invasive GAS infection is not common in British Columbia, occurring at an annual rate of 2.3/100,000, a level comparable with that determined previously in Ontario. Injection drug users accounted for nearly half of the cases in British Columbia with a defined drug use history.
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